Strain T , a Gram-staining-negative, non-spore-forming bacterium, was isolated from compost of plant litter. The strain was able to degrade dicamba. Phylogenetic analysis based on 16S rRNA gene sequences indicated that Ndbn-20
The genus Rhizorhabdus, belonging to the family Sphingomonadaceae of the Alphaproteobacteria, was first described by Francis et al. (2014) to accommodate rhizobacteria strains SP1, NL2, SP3, CA15 and NY14, which had been isolated from lettuce or sow thistle roots, or from soil using lettuce seedlings as bait. At the time of writing, only one species, Rhizorhabdus argentea, with the type strain SP1 T , with a validly published name has been described. Typically, cells of members of the genus Rhizorhabdus are obligate aerobic, Gram-negative, non-sporulating rods that are motile or non-motile. Colonies are smooth and convex or compact and rough, white or cream-white. The G+C content of chromosomal DNA ranges from 63 to 65 mol% (Francis et al., 2014) . Members of the genus Rhizorhabdus contain C 16 : 0 , summed feature 8 (comprising C 18 : 1 !7c/C 18 : 1 !6c) and summed feature 3 (comprising C 16 : 1 !7c/C 16 : 1 !6c) as the major cellular fatty acids, C 14 : 0 2-OH is the main hydroxylated fatty acid. The major respiratory quinone is Q-10. The main polar lipid pattern consists of sphingoglycolipid (SGL), phosphatidylethanolamine (PE), phosphatidylmonomethylethanolamine, diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), three unknown phospholipids and four unknown polar lipids (Kim et al., 2016) .
In this study, we report the polyphasic taxonomic study of a dicamba-degrading strain resembling members of the genus Abbreviations: SGL, sphingoglycolipid; PE, phosphatidylethanolamine; DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PDME, phosphatidyldimethylethanolamine; PC, phosphatidylcholine; GL, glycolipid.
The Genbank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain T is KP064570. C for 3 days. Then, the enrichment sample was diluted and spread onto R2A (DB Difco) plates supplemented with 2.25 mm dicamba. Four colonies with different morphologies were picked up and purified by repeated streaking. Among these strains, T shared 98.8 % identities with the members of the genus Rhizorhabdus, and the other three strains shared above 99 % identities with Brucella abortus, Sphingobium indicum and Flavobacterium anhuiense, respectively. To examine the ability to degrade dicamba, a stock culture (OD 600 2.0) was inoculated (1 %, v/v) into a 150 ml Erlenmeyer flask containing 50 ml MSM supplemented with dicamba (final concentration 2.25 mm), the Erlenmeyer flask was aerobically incubated at 180 r.p.m. at 30 C 5 h and the remaining amount of dicamba was detected using HPLC as described by Yao et al. (2015) . Only T was able to degrade dicamba. Thus, T was selected for further study. T and the reference strains were identified using routine cultivation on R2A broth or on R2A agar at 30 C.
Rhizorhabdus argentea
Colony morphology was observed during the exponential growth phase. The colonies grown on R2A agar for 7 days were pale yellow, circular, opaque and convex with entire margins. Gram staining was performed according to the method described by Gerhardt et al. (1994) . Cell morphology, presence of flagellum and dimensions were determined by transmission electron microscopy (H-7650; Hitachi) during exponential growth phase. Cells were Gram-staining-negative, rod shaped and non-motile with no flagella, 0.4-0.6 µm in width and 0.8-1.2 µm in length (Fig. S1 , available in the online Supplementary Material). Growth at various temperatures (4, 10, 15, 20, 25, 30, 37, 40 and 45 C) , various salt concentrations [0-5.0 % (w/v) NaCl (using increments of 0.5 % )], and pH values (pH 4.0-10.0, using increments of 0.5 pH units) were assessed in R2A broth with incubation for up to 5 days. The pH was maintained using three different buffers (final concentration, 50 mm): sodium acetate buffer (for pH 4.0-5.5), sodium phosphate buffer (for pH 6.0-8.0) and Tris-HCl buffer (for pH 8.5-10.0). The strain grew in the presence of 0-2.0 % (w/v) NaCl (optimum 0.5 %), at 15-40 C (optimum 30 C) and at pH 5.0-9.0 (optimum pH 7.0). Antibiotic sensitivity was assessed by measuring an inhibition zone of >1.0 mm after 2 days of incubation with discs that contained the following antibiotics: gentamicin (10 µg), chloramphenicol (30 µg), streptomycin (10 µg), ampicillin (10 µg), kanamycin (30 µg), neomycin (10 µg), tetracycline (30 µg), clindamycin (30 µg), roxithromycin (15 µg) and carbenicillin (100 µg). Oxidase activity was tested by using oxidase reagent (bioM erieux) according to the manufacturer's instructions. Catalase activity was tested as described by McCarthy et al. (1984) . Substrate utilization, enzyme activities and other biochemical properties were assessed using API 20 NE, API ZYM and API 50 CHE kits from bioM erieux according to the manufacturer's instructions. Cells were sensitive to gentamicin, chloramphenicol, ampicillin, kanamycin, tetracycline, roxithromycin and carbenicillin but insensitive to streptomycin and clindamycin However, compared with Ndbn-20, R. argentea SP1 (Sambrook et al., 2001) . The nearly complete 16S rRNA gene sequence was obtained by PCR amplification using a set of universal primers, 5¢-AGAGTTTGATCCTGGCT-CAG-3¢ (positions 8-27 of Escherichia coli 16S rRNA gene) and 5¢-TACCTTGTTACGACTT-3¢ (positions 1492-1507 of E. coli 16S rRNA gene), originally presented by Lane (1991) . The PCR product was purified using an agarose gel DNA extraction kit (TaKaRa) according to the manufacturer's instructions and linked to pMD19-T, transferred into E. coli (DH5a), and then sequenced with an automatic sequencer (model 3730; Applied Biosystems) by Nanjing Genscript (Nanjing, China). Sequence similarity of the 16S rRNA gene was investigated using the EzTaxon database (http://eztaxon-e.ezbiocloud.net/ezt_identify, Chun et al., 2007) . Alignment of sequences were performed by the CLUSTAL_X program (Thompson et al., 1997) . Phylogenetic trees were reconstructed by the neighbor-joining (Saitou et al., 1987) , maximum-likelihood (Felsenstein, 1981) and minimum-evolution methods (Fitch, 1971 ) with Kimura's two-parameter calculation model in MEGA version 5.0 (Tamura et al., 2011) . Bootstrap analysis was used to evaluate the tree topology by performing 1000 resamplings (Felsenstein, 1985) . The root position was estimated by using the sequence of Brevundimonas diminuta DSM 1635 as the outgroup.
The 16S rRNA gene sequence of T was a continuous stretch of 1447 bp. According to sequence similarity calculations, the strain shared the highest similarity with Rhizorhabdus argentea SP1 T (98.8 %), followed by Sphingomonas wittichii RW1 T (97.9 %), Sphingomonas starnbergensis 382 T (97.7 %) and Sphingomonas histidinilytica UM2 T (97.7 %). In the neighbor-joining (Fig. 1) , maximum likelihood ( Fig. S2 ) and minimum evolution (Fig. S3) trees, Ndbn-20 T formed a cluster with the type strain Rhizorhabdus argentea SP1
T with a high bootstrap value (69-84 %).
To further clarify the taxonomic relationship of strain Ndbn-20 T with its closest phylogenetic neighbors, DNA-DNA hybridization was performed according to the instructions provided with the DIG High Prime DNA Labeling and Detection Starter Kit I, using digoxin-labeled DNA probes and nitrocellulose (Ezaki et al., 1989 (Wayne et al., 1987) and indicated that T represents a separate genospecies. The G+C content of genomic DNA was determined by reversed-phase HPLC according to the method of Mesbah et al. (1989) with E. coli K-12 used as a standard. The DNA G+C content of Ndbn-20 T was 65.4 mol%, which was slightly higher than the range (63-65 mol%) reported for members of the genus Rhizorhabdus gen. nov. (Francis et al., 2014) .
For chemotaxonomic determination, cells of Ndbn-20
T and the related strains were cultured in R2A broth at 30 C, 0.5 % NaCl, pH 7.0 until they reached the exponential phase and cells were harvested, washed with distilled water and freezedried. The fatty acid profiles were determined according to the manufacturer's instructions for the Sherlock Microbial Identification System (MIDI Corporation) (Sasser, 1990) . The fatty acid methyl esters were obtained from cells by saponification, methylation and extraction and separated in a gas chromatograph (model 6890N, Agilent). Peaks were automatically integrated, and fatty acid names and percentages were determined using the MIDI Sherlock MIS system (Library: TSBA6; 
Sphingomonas histidinilytica UM2 T (EF530202)

Sphingomonas wittichii RW1 T (CP000699)
Sphingomonas fennica K101 T (AJ009706)
Sphingomonas formosensis CC-Nfb-2 T (HM193517)
Sphingomonas haloaromaticamans A175 T (X94101)
Sphingomonas laterariae LNB2 T (HM159118)
Sphingobium jiangsuense BA-3 T (HM:748834)
Sphingobium olei IMMIB HF -1 T (AM489507)
Sphingobium ummariense RL-3 T (AUWY01000048)
Sphingobium baderi LL03 T (JN695620)
Sphingobium amiense YT T (AB047364)
Sphingobium mellinum WI4 T (KF437546)
Sphingobium quisquiliarum P25 T (ATII001000107)
Sphingomonas indica Dd16 T (HQ449390)
Sphingomonas naasensis KIS18-15 T (KC735149)
Sphingomonas pseudosanguinis G1-2 T (AM412238)
Sphingomonas yabuuchiae GTC 868 T (AB071955)
Sphingomonas sanguinis IFO 13937 T (Dl3726)
Sphingomonas desiccabilis CP1D T (AJ871435)
Sphingomonas yantingensis 1007 T (JX566547)
Sphingomonas dokdonensis DS-4 T (DQ178975)
Sphingomonas kyeonggiense TIIG-DT81 T (KC252615)
Sphingomonas pituitosa EDIV T (AJ243751)
Sphingomonas azotifigens NBRC 15497 T (AB217471)
Sphingomonas trueperi LMG 2142 T (X97776)
Brevundimonas diminuta DSM 1635 (X87274) Table 2 . The predominant cellular fatty acids (>5 %) in Ndbn-20 T were summed feature 8 (C 18 : 1 !7c/C 18 : 1 !6c, 46.17 %), summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c, 11.68 %), C 17 : 1 !6c (10.96 %), C 16 : 0 (10.36 %) and C 14 : 0 2-OH (7.56 %). This fatty acid profile was similar to those of its phylogenetically closest relatives. However, there were some qualitative and quantitative differences in the proportions of some components. Polar lipid determination was carried out by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ, Braunschweig, Germany), as described by Tindall (1990) . Quinone was extracted according to the methods described by Collins et al. (1977) . The HPLC apparatus for analysis of quinones used a reverse-phase C 18 column (Agilent, 100Â2.1 mm; particle size 1.8 µm), the mobile phase was methanol : acetonitrile : H 2 O (48 : 2 : 50, by volume), the flow rate was 0.4 ml min
À1
, and the injection volume was 20 µl. Bacterial polyamines were analysed by HPLC according to the protocols of Busse et al. (1988 Busse et al. ( , 1997 . The major respiratory quinone of the strain was ubiquinone Q-10, which is consistent with the results reported by Kim et al. (2016) . The polar lipids of the strain contained DPG, PE, PG, phosphatidyldimethylethanolamine (PDME), SGL, phosphatidylcholine (PC) and glycolipid (GL) (Fig. 2) , which was basically similar to Rhizorhabdus argentea SP1
T . Ndbn-20
T contained spermidine as 
Assimilation of (API 20NE):
Enzymic activities (API ZYM):
The DNA G+C contents for SP1 T , 382 T , UM2 T and RW1 T are from Francis et al. (2014) , Chen et al. (2013) , Nigam et al. (2010) and Yabuuchi et al. (2001) respectively. the predominant polyamine. Both the polar lipids and polyamines of T are consistent with the characteristics of the members of the genus Rhizorhabdus.
Therefore, on the basis of phylogenetic analysis, DNA-DNA hybridization, phenotypic differences and chemotaxonomic data, strain T represents a novel species within the genus Rhizorhabdus, for which the name Rhizorhabdus dicambivorans sp. nov is proposed.
Description of Rhizorhabdus dicambivorans sp. nov.
Rhizorhabdus dicambivorans (di.cam.bi.vo¢rans. N.L. fem. n. dicamba; L. part. adj. vorans devouring; N.L. part. adj. dicambivorans, dicamba-devouring, degrading) .
Cells are Gram-staining-negative, non-motile, rod shaped, lacking flagella and 0.4-0.6Â0.8-1.2 µm in size. Colonies are pale yellow, circular, opaque and convex with entire margins after 7 days of incubation on R2A agar. Grows at 15-40 C (optimum 30 C), pH 5.0-9.0 (optimum pH 7.0) and 0-2.0 % (w/v) NaCl (optimum 0.5 %). Able to degrade dicamba. Oxidase and catalase activity are both negative. Positive for nitrate reduction and hydrolysis of aesculin and urea, but negative for indole production, glucose fermentation, bgalactosidase, hydrolysis of gelatin and assimilation of arabinose, mannose, mannitol, N-acetylglucosamine, D-maltose, potassium gluconate, caparate, trisodium citrate, malic acid and adipic acid. Positive for lipase (C14), cystine arylamidase, chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and bfucosidase, but negative for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase. Acid is produced from ribose, D-xylose, fructose, starch and 5-ketoglucose. The predominant respiratory quinone is Q-10 and the major polyamine is spermidine. The polar lipid profile consists of diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG), phosphatidyldimethylethanolamine (PDME), sphingoglycolipid (SGL), phosphatidylcholine (PC) and glycolipid (GL).
The type strain T (=CCTCC AB 2016143 T =KACC 18661) was isolated from compost from Mount Zijin, Nanjing, Jiangsu Province, PR China (32 02.37¢ N 118 50.31¢ E). The DNA G+C content of the type strain is 65.4 mol%. T . GL, glycolipid; PG, phosphatidylglycerol; PC, phosphatidylcholine; PE, phosphatidylethanolamine; DPG, diphosphatidylglycerol; SGL, sphingoglycolipid; PDME, phosphatidyldimethylethanolamine.
